To determine factors associated with fetal growth, preterm delivery and stillbirth in an area of high malaria transmission in Southern Malawi, a cross-sectional study of pregnant women attending and delivering at two study hospitals was undertaken. A total of 243 (17 . 3 %) babies were preterm and 54 (3 . 7%) stillborn. Intra-uterine growth retardation (IUGR) occurred in 285 (20 . 3 %), of whom 109 (38 . 2%) were low birthweight and 26 (9 . 1%) preterm. Factors associated with IUGR were maternal short stature [adjusted odds ratio (AOR) 1 . 6, 95 % confidence interval (CI) 1 . 0-2 . 5] ; primigravidae (AOR 1 . 9, 95 % CI 1 . 4-2 . 7) ; placental or peripheral malaria at delivery (AOR 1 . 4, 95 % CI 1 . 0-1 . 9) and maternal anaemia at recruitment (Hb <8 g/dl) (AOR 1 . 9, 95% CI 1 . 3-2 . 7). Increasing parasite density in the placenta was associated with both IUGR (P=0 . 008) and prematurity (P=0 . 02). Factors associated with disproportionate fetal growth were maternal malnutrition [mid-upper arm circumference (MUAC) <23 cm, AOR 1 . 9, 95% CI 1 . 0-3 . 7] and primigravidae (AOR 1 . 8, 95% CI 1 . 0-3 . 1). Preterm delivery and stillbirth were associated with <5 antenatal care visits (AOR 2 . 2, 95% CI 1 . 3-3 . 7 and AOR 3 . 1, 95 % CI 1 . 4-7 . 0 respectively) and stillbirth with a positive Venereal Disease Research Laboratory (VDRL) test (AOR 4 . 7, 95 % CI 1 . 5-14 . 8). Interventions to reduce poor pregnancy outcomes must reduce the burden of malaria in pregnancy, improve antenatal care and maternal malnutrition.
INTRODUCTION
Intra-uterine growth retardation (IUGR) and preterm have been implicated in increasing neonatal and infant morbidity [1, 2] and mortality [3, 4] in developed and developing countries. They are also associated with poor neurological and cognitive functioning [5] [6] [7] and can contribute to poor growth [8] .
Although the importance of IUGR is recognized, there is little information available from developing countries on the frequency of the different types of growth retardation (i.e. proportionate or disproportionate), their risk factors, or how these relate to other poor pregnancy outcomes such as preterm delivery and stillbirth.
The aim of this study was to investigate factors associated with these outcomes for deliveries occurring in a rural malarious area of southern Malawi. The analysis extends previous work on factors related to fetal growth retardation in this population [9] .
METHODS

Study area
This study was undertaken between March 1993 and July 1994 in Chikwawa District, in the Shire Valley, Malawi. This is a rural area with high malaria transmission. The infant mortality rate in this district was 174 compared to a national average of 159 deaths per 1000 live births [10] . Small-scale agriculture of maize, sorghum, cotton and sugar cane are the primary source of food and income. The study was located in the two district hospitals in Chikwawa (CDH), a government hospital with free services and Montfort (MH), 30 km away, which is a fee-paying mission hospital.
Study procedures
All women attending the antenatal facilities at CDH or MH between March 1993 and June 1994 were screened at their first antenatal visit after verbal consent was obtained, and subsequently at delivery if this occurred in hospital. A questionnaire, completed by a project nurse included information on age, obstetric history and antimalarial use in pregnancy. Information from obstetric records was collated. Height (cm) in bare feet with no head cover, was measured using a Minimeter [11] and maternal weight (kg) using a SECA scale, and birthweight (g) using a Salter scale. Right mid-upper arm circumference (MUAC) was measured (mm) with a tape measure. A peripheral maternal blood sample was collected at recruitment and delivery for laboratory investigation and also from the placenta. Gestational age was assessed by trained nurses using a modified Ballard scale which had been validated against the full Dubowitz gestational age assessment [12] . All women were advised to deliver in the hospital.
Laboratory investigations
Haemoglobin (Hb) was measured in duplicate by the cyanomethaemoglobin method, packed cell volume (PCV) by microhaematocrit and erythrocyte protoporphyrin (EP) in mg ZP/g Hb, by haematofluorometry (AVIV). Mean corpuscular haemoglobin concentration (MCHC) was calculated. Malaria slides were stained with Giemsa and read counting asexual Plasmodium falciparum parasites against 200 white blood cells. Maternal HIV status was determined using two enzyme-linked immunosorbent assays (ICE*HIV-1.0.2, Murex ; Dartford, UK, and for confirmation, VIDAS HIV-2 new test, bioMe´rieux ; Lyon, France). Pre-and post-test counselling was provided by trained nurses. HIV status was measured in a random selection of 600 delivery sera which represented 40% of deliveries.
Definitions
Anaemia was defined as Hb <8 g/dl, low birthweight (LBW) <2500 g, prematurity <37 weeks gestation and IUGR as <10th percentile of the birthweight-forgestational age sex-specific curve [13] . Disproportionate growth was defined as a ponderal index (weight/length
3 ) <10 % of the reference value, and proportionate growth as equal to or above that value [14] . Adolescents were <20 years of age. A MUAC of <23 cm categorized poor maternal nutritional status [15] . Body mass index (BMI) was calculated as kg/m 2 from measurements of women who attended initially in the first trimester. Iron deficiency anaemia was defined as an EP of >3 . 1 mg ZP/g Hb and a MCHC of <32 g/dl [16] . Cord Hb <12 . 5 g/dl was considered fetal anaemia [17] . Stillbirths were ascertained from the obstetric history or, for late stillbirths, at the time of delivery.
Sample size
To observe a two-fold increased risk of IUGR or preterm delivery associated with placental or delivery malaria, with 95% confidence and 80% power, 225 women with and without placental or delivery malaria were required. We assumed a 30 % prevalence of placental or delivery malaria among mothers of babies with IUGR and preterm delivery.
Analysis
Data were analysed using SPSS for Windows, version 11.0 (SPSS Inc., Chicago, IL, USA). The x 2 and Fisher's exact tests were used for comparison of discrete variables and the Mantel-Haenszel x 2 test for measuring linear association. Analysis of variance was used to compare continuous variables. Logistic regression was used to analyse factors associated with the main outcome variables. Variables included in the model were factors in the univariate analysis which were significant at a P value of <0 . 05. Malaria parasitaemia was included in all the models. Interaction was assessed between each factor and all the variables in the model. Twins and stillbirths were excluded from the analysis for IUGR, disproportionate growth and preterm delivery. The analysis to examine risk factors for stillbirths also excluded twins.
Ethical approval
The study was granted ethical approval from the Malawi College of Medicine Research and Ethics Committee in Malawi.
RESULTS
There were 1571 hospital births to 4104 pregnant mothers recruited at antenatal clinics. The gestational age distribution is shown in Table 1 . A quarter of mothers screened (25 . 7%) were HIV positive, 18 . 5% were adolescents and 27 . 4% had placental or peripheral malaria at delivery. Prevalence of LBW was 14 . 9% and IUGR 20 . 3%. Disproportionate IUGR occurred in 58 babies (4 . 2 %), and preterm birth in 243 (17 . 3%) ( Table 2 ). Prevalence for all outcomes was highest in first pregnancies and significantly decreased with increased parity. There were 54 (3 . 7%) stillbirths and 43 (5 . 7%) twin deliveries. Maternal HIV status was not associated with any of the analysed pregnancy outcome variables. Women who delivered in hospital were significantly more likely to be thinner (P=0 . 02), literate (P<0 . 001) and primigravidae (P=0 . 005), although they were less likely to have used intermittent preventive antimalarial treatment during their pregnancy (P<0 . 001).
IUGR
Mothers delivering babies with IUGR had lower mean age, BMI, MUAC, weight at recruitment, height, gestation, and Hb at recruitment and delivery (all P<0 . 05) ( Table 3 ). Primigravidae and adolescents were more likely to have growth-retarded babies than multigravidae (OR 2 . 3, 95 % CI 1 . 7-2 . 00 and OR 2 . 1, 95 % CI 1 . 5-2 . 8 respectively). Placental malaria (OR 1 . 6, 95% CI 1 . 1-2 . 2), peripheral malaria (OR 1 . 6, 95 % CI 1 . 2-2 . 1) or placental and peripheral malaria (OR 1 . 6, 95 % CI 1 . 2-2 . 2) were all associated with IUGR. There was an increasing IUGR incidence with higher placental parasite densities (P=0 . 008) and with increasing parasitaemia in the peripheral blood at delivery (P=0 . 005) ( Table 4) . Maternal anaemia (Hb <8 g/dl) at delivery (OR 1 . 5, 95 % CI 1 . 0-2 . 2), or at recruitment (OR 1 . 8, 95% CI 1 . 3-2 . 4), were associated with IUGR. Factors independently associated with IUGR were short stature, first pregnancy, placental or peripheral malaria and maternal anaemia ( Table 5) .
Disproportionate IUGR
Mothers with babies with disproportionate growth were younger (P=0 . 03), had lower MUAC (P=0 . 04) and lower gestational age (P=0 . 02) ( Table 3) . Babies of primigravidae and adolescents were most likely to have disproportionate growth (OR 2 . 0, 95 % CI 1 . 2-3 . 4, and OR 1 . 9, 95 % CI 1 . 1-3 . 4 respectively), as were those of mothers with poor nutritional status (MUAC <23 cm) (OR 2 . 1, 95% CI 1 . 2-4 . 0). Prematurity occurred more frequently with disproportionate growth (OR 1 . 9, 95 % CI 1 . 1-3 . 4). Malaria parasite density showed no association with disproportionate growth (Table 4 ). In multivariate regression only MUAC <23 cm and first pregnancy remained significantly associated with disproportionate growth (Table 5) .
Preterm birth
Factors associated with preterm birth were : adolescence (OR 1 . 9, 95 % CI 1 . 3-2 . 6) ; <5 antenatal visits (OR 2 . 3, 95 % CI 1 . 7-3 . 1) ; short stature (height <150 cm) (OR 1 . 6, 95 % CI 1 . 1-2 . 5) ; MUAC <23 cm (OR 2 . 0, 95 % CI 1 . 4-2 . 9); Hb <10 g/dl at recruitment (OR 1 . 5, 95% CI 1 . 1-2 . 2), or <9 g/dl at delivery (OR 1 . 4, 95% CI 1 . 0-1 . 9) and peripheral (OR 1 . 6, 95% CI 1 . 1-2 . 2), or placental and peripheral malaria (OR 1 . 5, 95% CI 1 . 1-2 . 0). For mothers who delivered at CDH, taking ferrous sulphate supplements <5 times (OR 1 . 9, 95 % CI 1 . 2-2 . 8) and taking sulphadoxine-pyrimethamine once, instead of twice (OR 1 . 6, 95 % CI 1 . 0-2 . 4) were both associated with preterm birth. There was an increasing prevalence of preterm deliveries with increasing placental but not peripheral parasite density (P=0 . 02) ( Table 4 ). Preterm birth was independently associated with primiparity and <5 antenatal visits (Table 5) .
Stillbirths
Mothers with stillbirths had lower MUAC (P=0 . 008), and lower gestational age (P=0 . 001) and regression analysis indicated they were more likely to make fewer antenatal care visits (P=0 . 001) and be positive for the Venereal Disease Research Laboratory (VDRL) test (Table 5 ). There was no relation between increasing malaria parasite density and occurrence of stillbirths.
DISCUSSION
As women who delivered in hospital were more undernourished than women who did not attend for delivery, the pregnancy outcome may not be fully representative of the whole population. The prevalence of LBW (15 %) was high. In Malawi, prevalence of LBW has been reported as 16 . 8% [18] , and in a highly malarious area of southern Tanzania as 18 % [19] . The 20 . 3 % prevalence of IUGR in the present study was similar to values from a hospital-based study in Zambia (25 . 9 %). Preterm births occurred with similar frequency to other malarious areas in Africa, for example 17 . 0 % in Zambia [20] and 19 . 7 % in a different region of Malawi [21] . This high incidence clearly indicates a major public health problem with maternal malaria and undernutrition [22] . Maternal HIV infection was not associated with IUGR, preterm birth, or stillbirth. In Ifkara, Tanzania, Menendez et al. also found no association between HIV infection and preterm birth [19] , and in Kigali, Rwanda, Leroy et al. reported no independent association between maternal HIV infection, IUGR, or preterm birth, although in univariate analysis there was a two-fold increased risk of both prematurity and IUGR [23] . Taha et al. observed a significantly increased incidence of IUGR and preterm birth in HIV-seropositive mothers in urban Malawi [24] , and in Rwanda, an association between maternal HIV infection and IUGR, but not preterm birth, was observed which correlated with birth length, head and chest circumference [25] . A previous meta-analysis reported a two-fold increased risk of IUGR (OR 1 . 7, 95 % CI 1 . 4-2 . 0), and preterm birth (OR 1 . 8, 95 % CI 1 . 6-2 . 1), and a four-fold increased risk of stillbirth (OR 3 . 9, 95 % CI 2 . 7-5 . 8) with maternal HIV infection [26] . In univariate analyses, we have previously reported the odds ratios related to maternal HIV and IUGR (OR 1 . 2, 95 % CI 0 . 9-1 . 6), or preterm birth (OR 1 . 3, 95% CI 0 . 9-1 . 8) for this cohort of mothers [9] . The lack of an association in the present study may relate to the small sample size of women tested for HIV, or confounding as maternal HIV infection has been significantly associated with increased malaria prevalence during pregnancy [27, 28] .
Maternal short stature and low MUAC were associated with IUGR. Adequate maternal nutritional status, including appropriate weight gain in pregnancy especially in undernourished mothers, is related to improved birthweight outcomes [29, 30] . Approximately 10 % of the women had a height <150 cm, and 14 % had a MUAC <23 cm, indicating substantial pre-pregnancy maternal malnutrition. Maternal anaemia as factor in IUGR also relates to undernutrition in this area.
Malaria at delivery was independently associated with IUGR in the regression analysis which is consistent with the finding of a higher risk of IUGR with increasing malaria parasite density at delivery. In The Gambia, placental malaria was also significantly associated with IUGR [31] , and in Mangochi, southern Malawi, two studies have shown a significant association between placental malaria and IUGR [21, 32] . The exact mechanism leading to IUGR with placental malaria is unclear although placental insufficiency and reduction of oxygen and/or glucose transport to the fetus are likely to play a role. This may relate to a number of mechanisms, for example, mechanical blockage from the thickening of the trophoblast basement membrane, increased nutrient requirements by replicating parasites, or poor oxygen and glucose transfer [33, 34] . Placental abnormalities resulting from nutritional deficiency or maternal vascular changes affecting the placenta may be involved [35] . Pre-eclampsia, which causes reduced placental perfusion could act in a synergistic manner with placental malaria in predisposing to fetal growth restriction [36] .
Other factors associated with IUGR in the present study were first pregnancy and maternal anaemia at recruitment or delivery. Primigravidae are more susceptible to falciparum malaria and consequently become anaemic [37, 38] . Primigravidae were three times more likely to have placental or peripheral malaria at delivery and the observed association of maternal anaemia with IUGR is confounded by maternal malaria. The population attributable risk (PAR) of IUGR was 34 % for recruitment anaemia and 28 % for delivery anaemia. These high PAR values reflect the magnitude of the contribution of malaria and anaemia to IUGR. The low proportion of growth-restricted babies with disproportionate IUGR (4 . 2 %) suggests that fetal growth restriction is chronic, rather than a late pregnancy effect. Factors significantly associated with disproportionate growth were: adolescent primigravidae and poor nutritional status, both of which could lead to late pregnancy fetal growth restriction. Conversely, malaria parasite density was associated with IUGR, but not disproportionate growth, which indicates the importance of chronic placental infections on fetal growth in this population.
No independent association of malaria with preterm delivery was observed, although increasing placental parasite density was associated with prematurity in the univariate analysis. This finding was unexpected as other studies from Africa have reported this finding [19] . The PAR of preterm birth associated with primiparity was nearly 22 . 5% (Table 4) which is sufficiently high to speculate that there is an additional factor to malaria related to primiparity and which predisposes to preterm birth. This may be co-infections, as a high proportion of these young women are HIV infected [39] .
Reduced antenatal care attendance was associated with preterm birth. This partly relates to reduced coverage with the antimalarial sulphadoxine primethamine as intermittent preventive treatment, and with haematinic supplementation for anaemia prevention. In The Gambia, severely anaemic women at 32 weeks gestation were more likely to deliver preterm babies (11 . 8% vs. 5 %), although the difference did not reach significance [40] . The lack of treatment of sexually transmitted infection during pregnancy, with fewer antenatal visits could also be a factor. In South Africa, for example, gonorrhoea has been associated with preterm delivery. Syphilis treatment may be omitted and significantly increases the risk of both preterm birth and stillbirth [41, 42] . However, there is a problem of cause-and-effect in analysing these variables as mothers who had preterm deliveries will also have a shorter time in which to accumulate antenatal visits.
IUGR, preterm delivery and stillbirth commonly occur in this area. Risk factors associated with these pregnancy outcomes are malaria at delivery, maternal anaemia and undernutrition, sexually transmitted diseases, poor antenatal attendance and early age at first pregnancy. Interventions to reduce poor pregnancy outcomes must reduce the burden of malaria in pregnancy, especially in young women, and improve antenatal care and the management of sexually transmitted infections.
